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METHOD AND SYSTEM FOR CONFIGURING A COMPUTER SYSTEM VIA A 
WIRELESS COMMUNICATION LINK 



Cross-Reference To Related Applications 

This application relates to co-pending United States Patent Application 
10 Serial No. 09/053,524, filed March 31, 1998, entitled MANUFACTURING 

SYSTEM AND METHOD FOR ASSEMBLY OF COMPUTER SYSTEMS IN A 
BUILD-TO-ORDER ENVIRONMENT naming Lois Goss as inventor. The above- 
referenced co-pending application is hereby incorporated herein by reference in 
its entirety and are assigned to the assignee of this application. 



Background 



The disclosures herein relate generally to computer systems and more 
particularly to a method and system for configuring a computing product via a 
20 wireless communication link. 



For many computer makers who manufacture computing products (CPs) 
such as personal computers (PCs) at a massive production scale, 
customizations of the products have caused a major setback in terms of the 
25 productivity of their manufacturing process. The time and engineering effort 
spent for each customization is a significant part of the manufacturing process. 
For example, the computer makers implement the customizations for end-users 
or customers by selectively installing software products or modules specially 
configured for the customers, which may contain an Operating System (OS), and 
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numerous drivers and applications. Without an appropriate customization 
completed for the customer at the computer makers' sites, the customer would 
have to configure the CP extensively. Conventionally done in a streamlined 
manufacturing assembly line, the CP must be assembled with appropriate 
5 hardware components. Needed software and corresponding configuration data 
are then downloaded into each CP through a computer network or other medium 
(such as CD-ROMs) in the factory. All these must be done before the CP is 
packaged or boxed for shipping. 

10 While manufacturing the CPs, major brand bearers such as Dell USA will 

use a number of OEM manufacturers who provide assembled CPs with standard 
hardware and software setups or standard components. The brand bearer has 
to configure the features of the assembled computing products so that they will 
meet the requirements of its customers. In the conventional manufacturing 

15 process, the packaging of the CPs delivered to the brand bearer has to be 
opened or destroyed to get the CPs running so that the configurations can be 
completed. This adds time and material cost for the manufacturing process. 
Moreover, once the configuration is done, the CPs have to be repackaged for 
shipping. 

20 

As more components of the CPs are standardized, more functions or 
features of these products are controlled or even provided by software (e.g. soft 
modems). Therefore, the level of requirement to customize the hardware is 
decreasing dramatically, while the software configuration becomes increasingly 
25 important. Given this technology advancement, it is thus desirable to configure 
the computing products according to customer configurations at the late stages 
of the manufacturing process, or even more desirable to be able to change the 
configurations after the computing products are packaged. 

30 Another cumbersome and costly process for the CP manufacturers is to 

monitor the process flow to ensure all CPs shipped out meet the factory defined 
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quality standards. Various communication events need to occur between CPs in 
the assembly line and control computers in the factory which monitor and track 
the production information. For example, information such as software 
download, information on the system hardware configuration and burn-in history 

5 are closely monitored over a wired Local Area Network connection through an 
input/output (I/O) port on each CP. Through this I/O connection, the factory 
server is aware of information such as burn-in failures and software download 
problems. However, while moving the CP through the assembly line flow, the CP 
can not stay connected all the time, and it has to be powered down and up for 

10 multiple times for different areas of the assembly. Even if the CP is turned on all 
the time, at least the I/O connection must be established and canceled while the 
CP is moved from place to place due to physical limitations of the wired 
manufacturing environment. It is understood that the physical act of repetitively 
connecting and disconnecting the I/O port in each CP exposes the CP to product 

15 reliability problems or to a high level of risk of being damaged. 

When the CPs are successfully assembled and tested, the finished CPs 
are stored temporarily as finished goods inventory (FGI) in a storage place, and 
shipped out to customers by trucking. The location change of the CPs is tracked 

20 by the factory control computers using the bar codes attached to the CPs. 
During this process, operators have to scan the finished CPs to notify the 
computer servers in multiple occasions or locations in the assembly process until 
eventually moving them onto trucks. All these being done manually, there is no 
automated process for assuring the products are routed to the trucks destined 

25 for desired locations after they are placed into FGI. 



Therefore, what is needed is a monitoring system that can wirelessly track 
and monitor each necessary step of the manufacturing process without being 
restricted by the limitations of the wired manufacturing environment 

30 
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Summary 

One embodiment accordingly, provides a method of manufacturing a 
computing product. To this end, a computing product is assembled according to 
5 a specified hardware configuration. Configuration information is transmitted to 
the assembled computing product via a wireless communication connection. 
The configuration information is received by the assembled computing product, 
and the assembled computing product is configured with the received 
configuration information. 

10 

The principal advantage of this embodiment is that the manufacturing 
productivity is greatly improved and that the workflow for manufacturing 
computing products is further automated. 

15 Brief Description of the Drawings 

Fig. 1 is a simplified schematic diagram illustrating an embodiment of a 
wireless information network. 



20 Fig. 2 is a flow diagram illustrating an embodiment of a process for 

manufacturing a computing product. 

Fig. 3 is a perspective view illustrating an embodiment of the use of 
Faraday cages. 

25 

Fig. 4 is a flow diagram illustrating conventional computer assembly flow 
in a factory. 

Fig. 5 is a flow diagram illustrating an embodiment of a computer 
30 assembly flow using a wireless information network. 
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Detailed Description 

With the demand to have more wireless communication technologies 
implemented for the computing products (CPs) in general, many CPs have 
5 wireless communication devices (or subsystems) built in or become wireless 
communication devices themselves. It is very common that mobile computing 
products such as battery powered PCs, handheld PCs, or cell phones have a 
certain capability to communicate wirelessly through wireless access devices 
such as wireless modems, radio frequency transceivers, or infrared input/output 
10 port. The disclosed embodiments establish a wireless manufacturing 

environment by combining existing computer database technology, computer 
network technology, and wireless access technology so that the manufacturing 
productivity can be improved significantly. 

15 Referring to Fig. 1, an overall schematic diagram is shown illustrating a 

wireless information network 10. Sitting in the back end is the manufacturing 
control server 12 which is similar to the conventional control computers designed 
and configured for CP manufacturing processes. The manufacturing control 
server 12 is connected through wires to a wireless communication hub 14 at the 

20 assembly area in the factory. The wireless communication hub 14 is further 
connected wirelessly or wiredly to other access nodes 1 6. The wireless 
communication hub 14 and the access nodes can use wireless technologies 
conforming to standards such as Bluetooth, or IEEE 802.1 1b, cellular data 
transmission, Infrared technologies, or any other similar communication 

25 technologies. In this Fig.1 , the wireless communication hub seems to cover a 
part of the entire assembly ground, but it is understood that multiple such 
wireless communication hubs can be installed so that the entire factory is tied 
into a synchronized wireless information network. 

30 In one embodiment, for mobile CPs having wireless access devices built 

in, the customization/configuration steps are moved out of the assembly line into 

5 
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a final boxing step with the assistance of the wireless information network. 
Assuming all CPs in a particular factory are built, loaded with a standard OS, 
they are placed into a standby state after they are completely built. All the CPs 
are then boxed or otherwise packaged as in the conventional method ready to be 
5 configured and shipped to the customer. A box can be designed (such as having 
a drop in flap) to accept final configuration/checkoff papers or left unsealed so 
the checkoff papers can be dropped in. 

In the shipping area of the manufacturing process, customers' 

10 customization/configuration details are pulled for the first time. The configuration 
details may include both hardware and software configuration information. The 
configuration information provided can include, for instance, driver information 
for the peripheral devices, operating system configuration data, configuration 
information for application software, or the application software. In most cases, 

15 the configuration information is determined by particular customers, and certain 
information may even come from a service provider of the customer such as an 
Internet service provider (ISP) or an application service provider (ASP). 
Communication devices of the factory wireless information network such as a 
transceiver in the wireless communication hub or the access node activates a 

20 built-in interface of the CP, thereby waking the CP up inside the box. The 
configuration details are then transmitted and stored in the CP via wireless 
information exchanges between the CP and the wireless information network. 
Various other types of information can be loaded through such an interface, for 
example, customer personal information (such as name, address, phone 

25 number, etc), customer specified applications (e.g. optional fax service, a 

personal information manager with preset corporate addresses and managers, 
etc.), and information for activating customer accounts for cell phone service, fax 
service registration, ISP details, etc. At the conclusion of the "wireless" 
configuration process, the CP is instructed to power down, thereby conserving 

30 battery power until woken up by the end user. It is also contemplated that the 
configuration documents or any other paper materials required by the 
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customized configuration, as well as any factory provided paper materials such 
as user manuals or account information cards are dropped in the box at this 
time. Thereafter, a shipping label is created and the box is sealed and shipped 
to the FGI. 

5 

Referring to Fig. 2, a flow diagram 20 is shown illustrating more detailed 
steps taken for the above described wireless configuration process. At the 
beginning of the manufacturing process, the CP's firmware is programmed and a 
unique product ID is assigned to the CP in step 22. The CP is assembled with 

10 other standard hardware and software components in various assembly steps in 
step 24. After the assembly is completed, the CP is powered up in step 26, and 
pushed through multiple steps of manufacturing and diagnostic tests in step 28. 
Once the CP proves to meet the product quality standard of the factory, the CP 
is suspended to a standby mode in step 30 to be later woken up by a signal 

15 transmitted by the wireless information network. The CP is now ready to be put 
in a shipping box. The CP packaged in a box (or a "containerized CP") is now 
shipped to a configuration area of the factory in step 34, and a "wake-up" signal 
sent by the wireless information network in step 36 triggers the CP to initiate the 
configuration process. The CP responds to the wake-up signal and feeds back 

20 information to the wireless communication hub about its identity (e.g., its ID). It 
is contemplated that the wireless communication hub can continuously send the 
wake-up signal to all the CPs arriving in its coverage area so that they can "wake 
up" in the same order as they arrive. Through the wireless communication hub, 
the manufacturing control server recognizes the ID of the CP, and associates the 

25 ID with customer order details for configuring the CP in step 40. Then, the 
configuration data is downloaded to the CP in step 44 so that the CP can be 
customized as it is expected. 

In another embodiment, it is contemplated that instead of assigning the ID 
30 to the CP in step 22, the ID can be programmed to the CP at step 42. In this 
example, the wireless information network tracks the number of the CPs coming 
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into a particular coverage area of a wireless communication hub so that an 
appropriate number of the CPs will be "built to order." For example, if a first 
customer order with a first configuration plan needs 500 computers to be 
customized, when the last computer is thus configured, the next computer 
5 coming into the coverage area of the wireless communication hub is going to be 
configured according to another customer order with another configuration plan. 

When the configuration is completed in the CP, the CP will send a signal 
back to the wireless communication hub acknowledging that the expected 
10 customization is done (step 44), and instruct the manufacturing control server to 
prepare or print out a corresponding configuration sheet for use by the customer 
(step 46). The printed configuration sheet or other paper materials are dropped 
in the box in step 48, and the CP is then shipped to the FGI in step 50. 

15 In another embodiment, where the wireless access device of the CP is 

using technologies conforming to the standards set by the Infrared Data 
Communication Association (IRDA), it is contemplated that a line of sight hole is 
provided in the box or container of the CP to expose the wireless access device 
such as an IRDA port so that communication events can be executed as 

20 described above. 

In yet another embodiment, the configuration information is received by 
the CP from the wireless information network, but does not perform the actual 
configuration task until the CP is first turned on by the end-user. This is 
25 extremely cost effective if the CP has a wireless communication subsystem that 
can be independently operational without the support of the rest of the CP. The 
wireless communication subsystem can just receive the configuration information 
and store temporality in its own memory, and activate the actual configuration 
process after the CP is fully turned on by the end user. 

30 
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With the speed of wireless data communication keeps increasing, and 
with the expansion of the wireless communication bandwidth, it is contemplated 
that the wireless information network can be used to load even the standard 
software modules and applications, including the OS, for the CPs which only 
5 need to have a boot-and-program facility intractable by the wireless 
communication hub. 

In the above-described manufacturing and configuration process, it is 
critical that the wireless information network can clearly identify the CPs so that 

10 they would be configured and shipped to particular customers. As mentioned in 
relation to steps 22 and 40 of Fig. 2 above, it is essential that when multiple CPs 
coming into the final configuration area, they are all appropriately identified. 
Referring to Fig. 3, a simplified system schematic is shown illustrating the use of 
Faraday cages according to one embodiment. To enhance the ability of the 

15 wireless information network to identify individual CPs, multiple Faraday cages 
52 are employed with a wireless transceiver node installed therein. Each of such 
wireless transceivers can be linked to the wireless communication hub through a 
wired or a wireless communication line. In one example, the Faraday cage 52 is 
placed over each CP 54 arriving at the configuration area. The Faraday cage 

20 has a wireless node 56 attached to it which can communicate with the wireless 
communication hub 14. The primary function of the Faraday cages is to block 
the transmitted signals (whether from the wireless node or the CP) from leaving 
the enclosure defined by the physical boundary of the cages so that a specific 
wireless node (e.g., a transmitter) can be associated with a particular CP at 

25 certain time in the manufacturing process. With this accurate identification, the 
customer orders containing the configuration information will not be mistakenly 
assigned, printed, or otherwise generated when needed. The use of Faraday 
cages also eliminates the bandwidth and incoming flow congestion concerns 
over using a large open wireless network. Signal interferences are thus not of 

30 concern in the configuration process, and the reliability of this automated 
process is greatly enhanced. 
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In another embodiment, a Faraday cage can cover multiple CPs, which 
will have same configuration requirements. Yet, in another example, the link 
between the Faraday cage 52 and the wireless communication hub 14 is 
5 absolutely wireless, and the Faraday cage 52 can be moved around without 
being physically limited to any one area of the factory. Consequently, the 
Faraday cages can be used and reused in various places in the factory and the 
wireless information network always recognize which Faraday cage it is 
communicating to. In examples where IRDA technologies are used, IR barriers 
10 such as a large container rather than Faraday cages can be used to isolate and 
identify the CP. 

In yet another embodiment for identifying the incoming CP, when 
conventional bar code approach is still preferred by some manufacturers, 

15 designated employees of the manufacturer at the final stage can manually match 
the customer orders from the manufacturing control server (and shipping labels, 
etc.) to the ID attached to the box. This box ID can be either the device's unique 
ID or a translated/hashed code from the manufacturing control server. After the 
CPs are aligned with their corresponding customer order, the wireless 

20 information network configures the CPs as described above. 

In order to further expand the use of the wireless information network to 
other processes during the CP assembly, the wireless information network is 
enhanced to handle all product tracking and monitoring processes. A 

25 manufacturing facility for assembling portable computers could utilize wireless 
networking technologies and the mobility of the battery powered CPs to track in 
real time the status of work in progress and the finished goods inventory. For 
example, the wireless information network can be used to track hardware and 
software loaded onto each CP by communicating directly to the CP. Many time 

30 and labor intensive processes such as the setup of a burn-in process can be 
streamlined. The factory inventory could also be tracked by having the wireless 
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information network report CPs 5 information such as configuration, service tag, or 
other pin numbers to the manufacturing control server throughout its build. Even 
if the CP is packaged, the wireless information network can still report, if needed, 
which forklift takes the CP to which truck, to which distributor location, and to 
5 which final customer location. While the CP is on its way out the door of the 
factory, the manufacturing control server could then inform the CP to shut itself 
down for the transpiration journey. 

Taking a computer manufacturer as an example for illustration, in a 

10 conventional assembly process where no wireless information network is 

installed, to build and ship a computer takes various assembly and testing steps. 
Referring to Fig. 4, a flow diagram 60 is shown illustrating a conventional 
manufacturing process in a factory of a computer maker. First, components are 
shipped into a component warehouse 62, and these components are further 

15 provided to an assembly line 64. At the beginning of the progressive assembly 
line, a paper traveler is printed and sent downstream. According to the 
instruction of the paper traveler, a computer chassis is pulled, and the 
motherboard is installed. Then hardware components such as the CPU, various 
drivers, PCI/ISA cards and software are put in appropriate places. The finished 

20 computer system or PC enters a startup check 66. During the startup check, an 
operator has to manually check whether all expected hardware components are 
properly installed. If it doesn't pass the test, it has to be shipped to the repair 
shop. If it passes, it goes into a burn rack 68 for a burn-in process. After the 
burn-in, a test is conducted again, and if the PC is qualified, it is packaged in a 

25 box 70, and option peripheral devices such as I/O devices, monitors are added 
(block 72), and the box is sealed (block 74) and shipped (block 76). It is noted 
that the operator in the startup check does not have the ability to check the 
configuration of the computer, and any mis-configuration can only be detected in 
the burn-in. The mis-configuration error can cost unnecessary time and burn-in 

30 space. It is also noted that during the burn-in and post burn-in test, various 
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components of the PC are checked (e.g., hard drive, memory, video display, key 
board, audio devices, etc.) to ensure the quality of the PC. 

In a manufacturing environment where the wireless information network is 

5 used extensively, communications with between the wireless information network 
and the CP can start early and take place in all the assembly stages. Referring 
now to Fig. 5, a flow diagram 80 is shown illustrating the use of the wireless 
information network in the computer manufacturer's factory. When components 
are shipped to the computer manufacturer's factory, there will be a holding area 

10 and kitting racks where hardware components can be stored and classified. A 
traveler 82 is generated by the manufacturing control server and sent to the 
assembly area or the area where the kitting racks are. Operators in that area 
would collect the desired chassis as well as all the components necessary for 
assembly down stream in a parts bin 84. The first component that is installed 

15 would be a mother board 86 and its wireless communication subsystem. Once, 
the mother board is able to communicate with the wireless information network, 
when other hardware components such as all peripheral devices and other 
subsystems are installed, it triggers the information exchanges between the 
computer in making and the wireless information network. For instance, after an 

20 operator plugs in a display adapter, a message can be sent to the operator 

through his assembly computer station to inform him that the installed hardware 
matches the configuration defined by the traveler. Once the computer is fully 
assembled and operational, it is sent to the burn rack 88, and more information 
is provided to the wireless information network to help facilitating the work in 

25 progress. The assembled computer is then added with optional components 
(block 90), boxed (block 94), and shipped out for customers (block 94). In every 
single process step, the computer can communicate with the wireless 
information network to provide information to track, monitor, or confirm the work 
in progress until the shipping truck leaves the factory. 

30 
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In another embodiment, the wireless information network does not have to 
deal with the entire CP. For example, in a conventional method, when a mother 
board maker ships to a computer manufacturer a certain quantity of mother 
boards, the computer manufacturer does not have any reliable data information 

5 regarding the functionality and level of testing of the received mother boards 
other than the information provided by the mother board maker. Therefore, the 
computer manufacturer has to put all the motherboards in burn-in and conduct 
post burn-in tests. If the motherboards have wireless access devices or 
subsystems built in, they can be checked in a more efficient way. Upon 

10 receiving such motherboards, the wireless information network can turn the 
subsystems on and query them for their product characteristic information. The 
product characteristic information such as processor speed, chipset, or some of 
initial diagnostic test results can be obtained immediately. It is noted that, in one 
example, the entire motherboard does not need to be powered up, only the 

15 wireless access subsystem. This will assist the decision to route the 

motherboards and detect possible defects of the motherboard as early as 
possible. Although the mother board is used above as an example, it is 
understood that other component of the CPs that has a wireless communication 
subsystem associated with it can be communicated, monitored, tracked, and 

20 managed efficiently by using its capability to exchange information with the 
wireless information network in the factory. 



As can be seen, the principal advantages of these embodiments are that 
the manufacturing productivity is greatly improved and that the manufacturing 
25 process for the computing products is further automated. 



Although illustrative embodiments have been shown and described, a 
wide range of modification, change and substitution is contemplated in the 
foregoing disclosure and in some instances, some features of the embodiments 
30 may be employed without a corresponding use of other features. Accordingly, it 
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is appropriate that the appended claims be construed broadly and in a manner 
consistent with the scope of the embodiments disclosed herein. 
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